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[57] ABSTRACT 

The invention relates to antenna structures, particularly to 
substantially planar broadband antennas realiZed by micros 
trips. The antenna structure according to the invention has at 
least tWo superimposed strips (10, 20), Which have a length 
of about a quarter-Wave and Which at one end are short 
circuited to the ground plane (30). The strips (10, 20) have 
certain resonance frequencies, Which are tuned close to each 
other so that the operating band of the antenna structure is 
substantially continuous. 

7 Claims, 8 Drawing Sheets 
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BROADBAND ANTENNA REALIZED WITH 
SHORTED MICROSTRIPS 

The invention relates to antenna structures and more 
particularly to broadband antennas realised With microstrips. 
A conventional microstrips antenna comprises a ground 

plane and a radiator isolated from the ground plane by a 
dielectric layer. The resonance frequency of the microstrips 
antenna is determined by the dimensions of the radiator and 
the distances betWeen the radiator and the ground plane. 

Further there are such knoWn microstrips antenna struc 
tures Where one edge of the radiator is shorted to the ground 
plane. In this arrangement a certain resonance frequency is 
obtained With signi?cantly smaller physical dimensions than 
in the above described simple microstrips antenna. 

HoWever, a problem of the prior art structures is that they 
are thick and have a narroW bandWidth. The antennas used 
in personal mobile stations must have a small siZe. HoWever, 
When a microstrips antenna is made thinner its useful 
bandWidth is reduced. Many mobile stations require a rela 
tively Wide frequency band, eg in the DCS-1800 system a 
relative frequency band Which is about 10% of the centre 
frequency. With prior art microstrips antenna structures it is 
not possible to realise an antenna Which at the same time is 
thin enough and has a suf?ciently Wide bandWidth. Different 
microstrips antenna structures are described for instance in 
the books “Handbook of Microstrips Antennas”, J. R. James 
and P. S. Hall (Eds), Vol. 1, Peter Peregrinus Ltd, London 
1989; and “Analysis, Design and Measurement of Small and 
LoW-Pro?le Antennas”, K. HirasaWa and M. Haneishi, 
Artech House, Boston 1992. 

FIG. 1a shoWs a microstrips antenna structure described 
in the above mentioned book “Handbook of Microstrips 
Antennas”, Whereby the structure comprises tWo radiating 
strips 10, 20 and a ground plane 30. PoWer is fed into the 
loWer strip 20, Whereby the upper strip operates as a 
parasitic radiator. The resonance frequencies of the strips 10, 
20 are tuned to be slightly different, Whereby the relatively 
Weak coupling betWeen the strips 10, 20 results in a high 
return loss for the antenna structure, also in the band 
betWeen the resonance frequencies of the strips, Whereby the 
antenna operates effectively on a continuous Wide frequency 
band. This fact is illustrated in FIG. 1b, Which shoWs an 
eXample of the return loss of a antenna structure of this type. 
FIG. 1b shoWs the resonance frequencies f1 and f2 of the 
strips 10, 20, and the frequency boundaries f3 and f4 for a 
return loss of over 10 dB, Which de?ne the useful frequency 
band of said antenna structure. 

The disadvantage of such a structure is its thickness: it is 
not possible to realise an antenna structure according to FIG. 
1a Which is arbitrary thin, because When the distance 
betWeen the strips is reduced their mutual coupling is 
increased, Whereby the resonance frequencies of the strips 
are draWn farther apart and the broadband function is lost. 
The same book also presents a double-band microstrips 
antenna, Which is shoWn in FIG. 1c. In this structure the 
poWer is supplied to the upper strip 10. In a structure of this 
kind there is a strong coupling betWeen the strips 10, 20 via 
the line feeding the antenna, Whereby the strips 10, 20 have 
different resonance frequencies. Thus an antenna structure of 
this kind has tWo different narroW operating bands. 

If the coupling is too strong, then the resonance frequen 
cies f1 and f2 Will move so far apart that the antenna structure 
Will not have a Wide operating band. This situation is 
illustrated in FIG. 1d, Where it is seen that in this case the 
useful frequency band of the antenna structure is not 
continuous, but this represents an antenna resonating at tWo 
different operating frequencies. 
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2 
The US. Pat. No. 5,124,733 (Haneishi) presents an 

antenna structure according to FIG. 2, Which combines the 
open microstrips antenna structure With tWo operating bands 
presented in FIG. 1c, With a quarter-Wave microstrips 
structure, Which results in a small-siZed microstrips antenna 
With tWo bands. In this structure the strips 10, 20 of one end 
of the respective strip are shorted to the ground plane 30. 
Because said patent publication presents a double-band 
antenna structure, the stronger coupling betWeen the strips 
caused by the shorted strips does not hamper the operation 
of the antenna, as the antenna operates on tWo frequency 
bands already due to the strong coupling betWeen the strips 
caused by the feeding to the upper strip 10. HoWever, said 
publication does not present a broadband antenna structure. 

The object of the invention is to realise a small-siZed, 
broadband, planar antenna applicable in a personal mobile 
station. An object of the invention is also to realise a 
broadband microstrips antenna Which is as thin as possible. 
A further object of the invention is to realise a structure 
Which meets the above requirements and Which further is 
Well suited for serial production. 

The objects are attained by realising an antenna structure 
having at least tWo superimposed short-circuited microstrips 
With a length of about one quarter-Wave, by tuning the 
resonance frequencies of the strips to be slightly different, by 
arranging, the antenna feed to the loWer strip, and by 
arranging the coupling betWeen the strips to be suf?ciently 
Weak, Whereby the resonance frequencies of the strips form 
a continuous operating band. 

The microstrips antenna according to the invention is 
characterised in that Which is stated in the characteriZing 
portion of the independent claim directed to a microstrips 
antenna. The mobile station according to the invention is 
characterised in that Which is stated in the characterizing 
portion of the independent claim directed to a mobile station. 
The dependent claims describe further advantageous 
embodiments of the invention. 

The invention is described in more detail beloW With 
reference to preferred embodiments presented as examples, 
and to the enclosed ?gures, in Which: 

FIG. 1a shoWs a prior art open microstrips antenna 
structure; 

FIG. 1b shoWs the return loss as a function of frequency 
in the structure according to FIG. 1a; 

FIG. 1c shoWs another prior art open microstrips antenna 
structure; 

FIG. 1a' shoWs the return loss as a function of frequency 
in the structure according to FIG. 1c; 

FIG. 2 shoWs a prior art antenna formed by short 
circuited microstrips and having tWo bands; 

FIG. 3 shoWs the basic structure of a preferred embodi 
ment of the invention; 

FIG. 4 shoWs the design of the strips in a preferred 
embodiment of the invention; 

FIG. 5a shoWs the structure of a preferred embodiment 
of the invention in Which the second strip is divided into tWo 
sections; 

FIG. 5b shoWs another structure of a preferred embodi 
ment of the invention in Which the second strip is divided 
into tWo sections; 

FIG. 5c shoWs a possible Way in Which the radiating strip 
of the antenna structure according to the invention is divided 
into sections; 

FIG. 5a' shoWs another possible Way in Which the radi 
ating strip of the antenna structure according to the invention 
is divided into sections; 

FIG. 6 shoWs a preferred Way to realise the short cir 
cuiting member 110; 
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FIG. 7 shows another preferred Way to realise the short 
circuiting member 110; 

FIG. 8 shows a third preferred Way to realise the short 
circuiting member 110; and 

FIG. 9 shoWs as an example an object in Which the 
antenna according to the invention is applied. 

The same reference numerals and markings are used to 
identify like parts. 

The FIGS. 1a, 1b, 1c, 1d and 2 Were described above 
When the prior art Was described. FIG. 3 presents the basic 
structure of a preferred embodiment of the invention. The 
antenna comprises a ground plane 30, a loWer strip 20 and 
an upper strip 10. The strips 10, 20 are short circuited to the 
ground plane 30 by short circuiting member 110. The 
antenna feed is connected to the loWer strip 20. The fre 
quency response of an antenna structure of this kind depends 
on the dimensions of the elements in the antenna structure. 
Both strips 10, 20 have a certain resonance frequency, Which 
in the structure according to the invention are tuned slightly 
apart, Whereby the antenna structure Will have a Wider useful 
frequency range. 

In the antenna structure according to the invention the 
poWer is fed by a feed 25 into the loWer strip 20, and the 
upper strip operates as an electromagnetically coupled radia 
tor. As a method to feed the antenna it is possible to use a 
pin feed realised eg by a coaxial cable or by other means, 
a feed realised by a microstrips, a hole-feed, a slotted line 
feed, a feed realised by a coplanar line, a proximity-coupled 
feed, or some other prior art feeding method commonly used 
in microstrips antennas. The antenna structure according to 
the invention can also have more than tWo strips 10. 20. In 
this kind of applications the antenna feed can be connected 
to any one of the radiating strips Which are located betWeen 
the ground plane and the upper radiator. 

In the antenna structure according to the invention the 
strips 10, 20 can have the same Width, or they can have 
different Widths. In the antenna structure according to the 
invention the strips 10, 20 preferably have a length Which is 
about one quarter-Wave. The preferred length L of the strips 
10, 20 can be approximated With the formula beloW: 

Where h is the distance betWeen the loWer face of the strip 
and the upper face of the around plane. It should be noted 
that this formula is applicable only for microstrips antennas 
With air dielectric, and the formula only approximates suit 
able lengths for the strips. 

In addition to a rectangular design the strips 10, 20 of the 
antenna according to the invention can also have many 
different forms, for instance circular, triangular or 
pentagonal, according to the requirements of the application. 
It is also possible to bend the strips in many different Ways, 
Whereby for instance the distance betWeen the loWer strip 
and the ground plane can be larger in the open end than in 
the short circuited end. 

In the antenna structure according to the invention the 
Width of the strips 10, 20 can vary according to the require 
ments of the respective embodiment. The strips can have 
different Widths. At the minimum end the strips can be 
thread like, very close to a theoretically ideal one 
dimensional, in?nitely narroW element. 

With the design of the strips it is possible to in?uence the 
coupling betWeen the strips and thus the characteristics of 
the Whole antenna structure. In an antenna structure accord 
ing to the invention Which has tWo strips 10, 20, the upper 
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4 
strip is preferably as Wide as or narroWer as the loWer strip. 
When the upper strip is made Wider it is possible to increase 
the coupling of the upper strip to the ?eld betWeen the loWer 
strip and the ground plane. HoWever, in an antenna structure 
according to the invention this coupling is relatively strong, 
due to the small distance betWeen the strips, Whereby there 
is no need to increase the coupling by making the upper strip 
Wider than the loWer strip. 

With the siZe of the ground plane it is possible to have an 
in?uence on the radiation pattern of the antenna according to 
the invention. If the ground plane is larger than the radiator 
the antenna’s radiation pattern is stronger in the direction 
opposite to the ground plane, but if the ground plane is 
substantially as large as the radiator, then the antenna has an 
equal radiation in both directions. The siZe of the ground 
plane also has an in?uence on the bandWidth: an increased 
siZe of the ground plane reduces the bandWidth. 
The resonance frequency of any of the strips or strip 

sections in the antenna structure of the invention can be 
controlled by their dimensioning and also With parasitic 
strips Which are adjacent to the strip or strip section and lie 
in the same plane. 

In a preferred embodiment of the invention the strips 10, 
20 have gaps, Which reduce the physical siZe of the strips. 
FIG. 4 shoWs one possible structure of the strip 10, 20 of this 
embodiment. In this embodiment the strip can have one or 
more gaps 200 and indents 210, as shoWn in FIG. 4. The 
effect of a gap 200 or indent 210 is based on the fact that due 
to the gap or indent the current ?oWing in the strip must 
travel a longer Way than in a corresponding strip Without 
indents, Whereby the electrical length of the strip increases. 
Thus the gaps 200 and indents 210 act as means Which 
increase the inductance. 

FIG. 5a shoWs a preferred embodiment of the invention 
Where the upper strip is 10 divided into tWo sections. In this 
embodiment the strip sections 11 can be tuned to slightly 
different resonance frequencies, Which results in an 
increased number of resonance peaks in the resonance band 
of the total antenna structure, Which thus increases the 
bandWidth of the total antenna structure. For instance, if the 
upper strip is divided into tWo sections and the sections are 
tuned to different frequencies by changing their length, then 
the antenna Will be a broadband antenna With three resona 
tors. The upper strip could also be divided into more than 
tWo sections. 

In an embodiment like this the distance betWeen the strip 
sections 11 must be larger than a certain limit: if the distance 
betWeen the strips is very small, then their electromagnetic 
coupling is so strong that the strip sections act as one 
undivided strip. 

In another preferred embodiment of the invention the 
bandWidth of the antenna structure is made Wider by divid 
ing also the loWer strip into more than one section. In an 
embodiment of this kind it is possible to feed the poWer into 
one ore more strip sections. 

FIG. 5b shoWs a preferred embodiment of the invention 
similar to that of FIG. 5a, but Where the upper strip sections 
11 and the loWer strip 20 have a common short circuiting 
plate 110. 

FIG. 5c shoWs a possible Way to divide a strip 10, 20 in 
an antenna structure according to the invention. The Width of 
the strip sections 11 can vary also Within the same strip. It 
is also possible to make projections 12 in the strips With 
Which it is possible to in?uence the coupling betWeen the 
strip sections. 

FIG. 5a' shoWs another possible Way to divide a strip 10, 
20 in an antenna structure according to the invention. The 
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strip sections can also be connected by one or more narroW 
joining strips 13. In this embodiment it is possible to have 
an in?uence on the coupling betWeen the strip sections by 
selecting the position and the Width of the joining strip 13, 
by selecting the number of joining strips 13, and by varying 
the distance betWeen the strip sections 11 connected by a 
joining strip 13. 

In FIGS. 5c and 5d the strip sections can be strip sections 
Which result from a division of any of the strips 10, 20. 

In the antenna structure according to the invention the 
grounding of the radiators can be realised in many different 
Ways. FIG. 3 shoWs a preferred embodiment of the 
invention, in Which the radiators 10, 20 are connected to the 
ground plane 30 by an electrically conducting plate 110 
connected to one edge of the radiator 10, 20. In the embodi 
ment of FIG. 3 both strips 10, 20 are grounded by an oWn 
electrically conducting plate 110. In the antenna structure 
according to the invention these plates can be interconnected 
through the around plane 30 and in addition also by a 
separate electrically conducting member, or the plates can 
partly contact each other. In the antenna structure according 
to the invention the rounding can also be common, Whereby 
there is only one electrically conducting plate 110, to Which 
all strips are fastened. 

Another preferred Way to ground the strips, i.e. using 
through coppered holes, can be used particularly in an 
embodiment in Which there is a dielectric insulating layer 
betWeen the strips. FIG. 6 shoWs a preferred embodiment of 
the invention, in Which the strips 10, 20 are connected to the 
ground plane 30 by using through coppered holes 100. FIG. 
6 shoWs this structure in a top vieW and as a section along 
the line A—B. In the embodiment of FIG. 6 the strips 10, 20 
are connected separately to the ground plane. In this embodi 
ment the through coppered holes 100 of the upper strip 10 
do not have a galvanic connection to the loWer strip 20. 

FIG. 7 shoWs another preferred embodiment of the 
invention, in Which the connection of the strips 10, 20 to the 
ground plane 30 is realised by through coppered holes 100. 
FIG. 7 shoWs this structure in a top vieW and as a section 
along the line A—B. In the embodiment of FIG. 7 the strips 
10, 20 are jointly connected to the ground plane, Whereby 
the through coppered holes 100 form the contact both to the 
upper strip 10 and to the loWer strip 20. 

To a person skilled in the art it is obvious that the number 
of the holes 100 can vary according to the requirements of 
the respective embodiment, and that in addition to the 
coppered holes the electrically conducting connection of the 
holes 100 can be realised also in some other knoWn manner, 
such as With a short circuiting pin or a lead-through sleeve. 

It is preferable to use through coppered holes 100 or 
corresponding lead-throughs as short circuiting members, 
because With them it is possible to in?uence the inductance 
of the short circuit in the same Way as the gaps 200 can have 
an in?uence on the inductance of the strips. The strips 10, 20 
can be made shorter, retaining the same resonance 
frequency, by reducing the number of the through coppered 
holes, as this increases the inductance of the short circuit. 
HoWever, an increased inductance may reduce the band 
Width of the antenna. 

The inductance of the short circuiting members 110 can 
also be increased in other Ways. For instance, the strips 10, 
20 of the antenna structure shoWn in FIG. 1 can be made 
shorter by adding gaps 200 or other means for increasing the 
inductance to the short circuiting members 110, for instance 
in the manner shoWn in FIG. 8. 

The ?gures of this application present such illustrative 
embodiments of the invention in Which the short circuiting 
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6 
plate 110 is perpendicular to the strip 10, 20. HoWever, the 
invention is not limited to these examples, but the angle 
betWeen the short circuiting plate 110 and the strip 10, 20 
can also be any other angle than a right angle. The short 
circuiting member can also be formed by bending one end 
of the strip 10, 20 into an arcuate form and by fastening this 
bent end to the ground plane 30, Whereby there is no angle 
betWeen the short circuiting member formed in this manner 
and the radiating part of the strip. 

In the antenna structure according to the invention the 
dielectric betWeen the radiators 10, 20 and the dielectric 
betWeen the loWer radiator 20 and the ground plane can 
advantageously be some loW loss microstrips substrate 
material knoWn by a person skilled in the art, eg a suitable 
printed board material. Also air can act as the dielectric 
material. For example, the antenna may be realised With at 
least tWo stacked printed boards, each having at least one 
electrically conducting layer With patterns forming the 
antenna elements on the surfaces of the boards, or With a 
single multilayer board having conductive elements formed 
in the various layers of the multilayer board for realising at 
least the ground plane and the strips of the antenna. In these 
examples, the short circuiting members can advantageously 
be realised With electrically conducting lead-throughs 
formed in the board or boards. 
The antenna structure according to the invention provides 

a Wide frequency response, With one antenna structure 
according to the invention We measured for the 10 dB return 
loss a bandWidth, Which Was even 14% of the centre 
frequency, Which is more than tWice the value compared to 
the bandWidth of a prior art microstrips antenna With a 
corresponding thickness. 
With the antenna structure according to the invention it is 

possible to realise thinner microstrips antennas than in prior 
art, and still obtain a Wide useful antenna bandWidth, Which 
is required for instance in mobile stations of the DCS-1800 
system. 

FIG. 9 shoWs as an example an object in Which the 
antenna according to the invention is advantageously 
applied, i.e. a mobile station. According to FIG. 9 the 
antenna structure according to the invention can be located 
inside the cover of the mobile station 1, Whereby it is 
protected from shocks and bloWs directed against the mobile 
station. This is a signi?cant advantage compared to conven 
tional Whip antennas, because the Whip antennas used in 
conventional mobile stations are easily bent or broken, if the 
user inadvertently drops the mobile station. 

The broadband antenna according to the invention can 
also be utilised in almost any other prior art radio application 
requiring a small-siZed antenna, such as in a base station of 
a Wireless o?ice system. Athin planar antenna can be located 
for instance in the same box as the other components of the 
base station, Whereby it is simple to install a base station of 
this kind on the Wall in an o?ice corridor, for instance, 
Without a separately installed antenna. An embodiment of 
this kind can advantageously use the directivity of the 
antenna structure according to the invention: When the 
ground plane 30 is made slightly larger than the other strips 
10, 20, the radiation pattern of the antenna can be empha 
sised to lie more on the same side of the ground plane as the 
strips 10, 20. This provides the advantage that the radiation 
poWer of the antenna is then stronger in the desired space, 
and radiation poWer is not lost in the mounting surface of the 
base station, for instance. 

In this application the term “microstrip antenna” also 
relates to air-dielectric self-supporting structures, in addition 
to microstrips antennas realised on different substrates. 
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To a person skilled in the art it is obvious that the above 
described embodiments can be combined in many different 
Ways in different applications of the antenna structure 
according to the invention. Above the invention Was 
described With reference to some of its advantageous 
embodiments, but it is obvious that the invention can be 
modi?ed in many different Ways Within the inventive idea 
de?ned in the enclosed claims. 
We claim: 
1. Amicrostrip antenna having a ground plane, a ?rst strip 

and a second strip arranged betWeen the ground plane and 
the ?rst strip, comprising 

a ?rst short circuiting member and a second short circuit 
ing member, Whereby one end of the ?rst strip is short 
circuited to the ground plane by said ?rst short circuit 
ing member and the corresponding end of the second 
strip is short circuited to the ground plane by said 
second short circuiting member, the ?rst strip having a 
?rst resonance frequency and the second strip having a 
second resonance frequency, Whereby the ?rst and the 
second resonance frequencies form a substantially con 
tinuous operating band, 

means for increasing the inductance of a strip in at least 
one of the strips, 

means for increasing the inductance of a short circuiting 
member in at least one of said short circuiting 
members, 

and an antenna feed connected to the second strip. 
2. A microstrip antenna according to claim 1, Wherein at 

least one of the strips is divided into at least tWo sections. 
3. Amicrostrip antenna according to claim 2, Wherein said 

at least tWo sections are interconnected by an electrically 
conducting connection. 

4. Amicrostrip antenna according to claim 2, Wherein said 
?rst and second short circuiting members are at least partly 
interconnected. 

5. A microstrip antenna according to claim 1, comprising 
a multilayer microstrip substrate, 
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electrically conductive patterns formed in the conductive 

layers of said substrate for forming the ground plane 
and the strips of the antenna, and 

electrically conducting lead-throughs betWeen the con 
ductive layers of said substrate for forming said short 
circuiting members. 

6. A microstrip antenna according to claim 1, comprising 
at least tWo microstrip substrates With at least one elec 

trically conducting layer, 
electrically conductive patterns formed in the conductive 

layers of said substrates for forming the ground plane 
and the strips of the antenna, and 

electrically conducting lead-throughs betWeen the con 
ductive layers of said substrates for forming said short 
circuiting members. 

7. A mobile station, comprising 
a microstrip antenna, 
a ground plane in said microstrip antenna, 
a ?rst strip in said microstrip antenna, the ?rst strip having 

a ?rst resonance frequency, 
a second strip in said microstrip antenna arranged 

betWeen the ground plane and the ?rst strip, the second 
strip having a second resonance frequency, Whereby the 
?rst and the second resonance frequencies form a 
substantially continuous operating band, 

a ?rst short circuiting member and a second short circuit 
ing member, Whereby one end of the ?rst strip is short 
circuited to the ground plane by said ?rst short circuit 
ing member and the corresponding end of the second 
strip is short circuited to the ground plane by said 
second short circuiting member, 

means for increasing the inductance of a strip in at least 
one of the strips, 

means for increasing the inductance of a short circuiting 
member in at least one of said short circuiting 
members, 

and an antenna feed connected to the second strip. 

* * * * * 


